sequences are organized into blocks of 30-50 bp. These † Present address: Division of Developmental Neurobiology, Nablocks contain sequence motifs that resemble the con-
sites were altered by mutation, either one by one, or 1B). However, expression in female embryos is reduced compared to reporters containing larger Sxl-Pe fragseveral at a time, only minimal effects on the activity of the Sxl-Pe 0.4kb promoter were generally observed (unments, like Sxl-Pe 3.0kb ( Figure 1A) , and is usually restricted to the anterior. The promoter activity of Sxl-Pe GOF differs published data).
As an alternative strategy for analyzing the cis-acting in several respects from either Sxl-Pe 0.4kb or Sxl-Pe 3.0kb . Unlike any of the previously characterized Sxl-Pe reportelements in Sxl-Pe, we multimerized some of the conserved sequence blocks and attached the multimers to ers, Sxl-Pe GOF is not subject to the normal sex-specific ON/OFF regulation, and ␤-galactosidase can be deSxl-Pe 0.4kb . In the studies reported here, we describe the properties of a multimerized promoter, Sxl-Pe GOF , that tected in all embryos. The simplest interpretation of this result is that the 72 bp fragment contains target sites is active not only in 2X/2A but also in 1X/2A animals. We show that upd, a ligand for the Drosophila JAK/ for one or more X-linked numerators. Consistent with this idea, the 72 bp sequence is essential for promoter STAT signaling pathway (Harrison et al., 1998) , is critical to this gain-of-function activity. In addition, we present activity, and Sxl-Pe LOF is completely inactive in all embryos (data not shown; see Kramer et al., 1999) . evidence that upd and the genes encoding Drosophila JAK and STAT are required for the proper regulation of While Sxl-Pe GOF is on in both 2X/2A and 1X/2A embryos, its level of activity in the two sexes is not the Sxl-Pe in females.
same, and Sxl-Pe GOF embryos can be divided into two roughly equal classes. The first, which is presumably Results 2X/2A, expresses levels of ␤-galactosidase equivalent to that of the larger Sxl-Pe promoters. In stage 9-11 Multimerization of a Conserved Motif in Sxl-Pe To further dissect cis-acting elements in the minimal 0.4 embryos, X-gal staining is nearly uniform ( Figure 1E ). In younger embryos, the highest levels of ␤-galactosidase kb Sxl-Pe promoter, we generated two LacZ reporter constructs, which, for reasons evident below, we have are found through the central regions of the embryo, while there is little expression at the two termini (Figure called for X chromosome-counting elements. The remaining Sxl-Pe GOF embryos could be divided into two classes. In one class (which is presumably males with a wild-type male embryos in a domain that overlaps the region defective in upd mutant embryos, we tested whether a null X), the pattern of ␤-galactosidase expression resembled that normally seen in 1X/2A embryos. In the other class mutation in upd, upd
YC43
, affects the activity of Sxl-Pe GOF . As can be seen in Figure 4G , upd is critical for Sxl-Pe GOF (which is presumably Df(1)N19 males), there was a marked reduction in ␤-galactosidase expression ( half the 2X/2A embryos have the hop Tum allele, it would appear that even though hop is on the X chromosome, it is the maternal, not the zygotic, contribution of HOP that is important for Sxl-Pe activation.
Maternal STAT Is Required for SXL Protein Expression
The results presented in the previous sections implicate two components of the Drosophila JAK/STAT signaling pathway, upd and hop, in Sxl-Pe activation. To test whether mrl is also required for Sxl-Pe activation, we eliminated the maternal deposition of mrl by generating germline clones (Chou and Perrimon, 1996). We then examined SXL protein expression in embryos produced 
Chen et al., 1998). Recent studies by Harrison et al. (1998) indicate that upd encodes a secreted protein that associates with the extracellular matrix and is the ligand
Sxl-Pe and Sxl-Pe GOF Require mrl The results described in the previous section demonfor the HOP/MRL signaling pathway. Hence, UPD would not be expected to act directly on Sxl-Pe, but rather strate that mrl is required to properly activate the Sxl gene. To show that mrl is a component of the X/A countindirectly through these components of the JAK/STAT signaling pathway.
ing system, we examined the activity of Sxl-Pe reporter constructs in embryos derived from mrl Ϫ germline To investigate the possible role of hop in Sxl-Pe activation, we took advantage of a temperature-sensitive gainclones. The larger Sxl-Pe 3.0kb promoter is active at close to wild-type levels in female embryos produced by hetof-function mutation, hop Tum-1 (Hanratty and Dearolf, 1993). The amino acid substitution in this mutant causes erozygous mrl Ϫ/ϩ mothers ( Figure 4G) . However, the activity of the full-length promoter is markedly reduced the kinase to be hyperactive at the restrictive temperature (Harrison et al., 1995) . If HOP functions to turn on in 2X/2A embryos derived from the homozygous mrl Ϫ germline clones. As can be seen in Figure 4H , ␤-galacSxl-Pe, then promoter activity should be elevated in 2X/2A embryos from hop Tum-1 /ϩ mothers. To test this tosidase expression is typically observed only in the anterior of these embryos, while there is little or at most possibility, we compared the activity of the Sxl-Pe 0.4 kb , Sxl-Pe 1.4kb , and Sxl-Pe 3.0 kb promoters in female embryos patchy X-gal staining in the medial region of the embryo. This finding demonstrates that mrl is required for the produced by wild-type ( Figures 3A, 3C, and 3E) and hop Tum-1 /ϩ (Figures 3B, 3D, and 3F) way plays an important role in the choice of sexual identity, the effects of mutations in the pathway do not
